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There  are  kaama  to  exist  In  the  earth's  oruat,  over  90 
•Isasats*  The  literature  shows  that  sixty  of  these  eleosnta 
have  been  positively  Identified  In  plants  (33)*  TiM  osjorlty 
of  these  are  present,  however,  only  In  alnate  tioantltles*  Thess 
•iMMots  ars  known  as  oiaor  slsasnts  or  traoe  eleiunts. 

The  olaor  eleaents  have  been  divided  rouchly  Into  two  olass- 
••,  tb»  essential  and  aonesssntlal  slsasnts.  There  Is,  at  th« 
pnssat  tlas,  eonsldsrable  dlssensosnt  as  tc  which  slsasnts 
should  bs  plsoed  In  eaoh  division,  bat  the  following  are  gener- 
ally rsoognlMd  s«  sssantlsli  slno.  Iron,  boron,  asngansse, 
end  copper*  As  the  result  of  extended  study,  the  effect  of  this 
group  of  slsasnts  on  plant  growth  Is  rsasonably  well  established* 
Ths  eleaents  sooh  ss  Ised,  tltanloni,  barium,  and  strontlua  fall 
Into  the  nonessential  group*  Their  effect  on  plant  growth  re« 
oslns,  ss  yet,  to  bs  deterolned. 

A  ituwoogb  study  of  tbs  functions  of  slnor  eleaents  la 
pisnt  entiXh  sad  ostebollso  Is  oomparatlvsly  reosat*  Frsvloos 
to  1932,  the  work  with  sine  consisted  of  oore  or  less  sapsrloal 
sxperlasats*  with  the  developoent  of  accurate  oethods  of  analy- 
sis for  ffllcro  amntltles,  the  Interest  pertaining  to  olnor  ale- 
aMttts  la  plaat  iMtaboliSM  hss  laorsssed  greatly*  Zndloatlve  of 
this  interest  Is  the  elsoent  eino*  literature  shows  over  250 
pspsrs  dsaling  with  nine  dsflolsnoles  in  the  Uhlted  States  slons 
{k)*    nils  nnobsr  Is  aountlng  rapidly  as  methods  of  analysis 
for  aias  bseoas  aors  tboroosblr  sstabllshsd* 


Kaoaladgt  that  sine  It  ••Matial  In  plaat  gTOwtb  is  not 
Isrllcst  aooounta  Indtoate  tttat  zlno  «aa  first  postuletsd 
to  b«  aaaential  fox  the  crowth  of  a  f uaga%  A^Df»ftil|.na  ai£/SL» 
in  1869  (7)«  TamUor  (19)  throash  his  work  with  yesst,  foand 
inoxaasad  aotiTity  and  ooasaoption  of  ausav  solution  by  tba 
yaast  in  tha  praaanea  of  aino*  Ubm  (23*  24)  working  at  tha 
Maa  tiaa,  dataroiaad,  by  water  ooltura  tMthoda«  tbat  lina  was 
ataaasary  fox  tba  growth  of  oorn,  though  his  work,  like  that  of 
7aTiU.iar,  waa  not  wall  eooaptad*  Not  until  tha  work  of  Boamu 
and  L|Mn  (38)  and  Sowar  (39)  ws  siao  widely  aooaptad  aa  an 
asaantial  plant  nutrient. 

Zinc  dafiolenoias  axa  a  woxld««ida  ooooxxenoa*  The  imited 
Stataa  and  20  South  and  Central  Aoarioan  oountriea,  Eoxopa,  and 
tha  fax  last  hare  xepoxted  aino  defioienoiaa  (8)*  Aaoog  the 
plante  moat  ooononly  affected  axe  oitxos  (41) t  pinaapplaa  (22), 
paoaas  (1),  deciduous  fruits  (42),  and  oorn  (3)t  zine,  hoaarar, 
has  alao  bean  ehown  to  be  essential  in  tha  growth  of  oata  (26), 
wtiaat  (27),  barley  (39),  aoybaana  (10),  graaa  baana  (15),  and 
others*  There  raoala  oany  oropa  whioh  hava  not  had  their  siao 
xequirafflanta  astabliahed, 

TiM  syaptoos  of  sino  def ieiaaey  uaually  iarolTS  aoiM  form 
of  ehloroaia*  Citrus,  deciduous,  and  other  txeea  defioiont  la 
sine  ehaxaotaxlatioally  ahow  nottlad  leaf,  little  leaf  ox  xoastte, 
ox  bxonaing*  Thaaa  ayaptaMi  axa  gaaexally  assooiatsd  with  so'aa 
foxffl  of  ahloxoais*  TtM  syatptoas  of  sino  dafioienoy  oay  be  sub> 
asxisad  aa  followai  aocM  foxa  of  leaf  ehloxoais,  xaduaad  leaf 
sisa,  oalfornation,  acant  foliags,  and  xaduoad  fxult  production 


(3). 


zlne  Mlti  first  eeuM  into  ooooarclal  lue  as  •  fextlllBOX 
In  1932.  31ao8  tbat  tlot  tb«  om  of  tbese  salt!  as  plant  na> 
trlants  has  grown  nldaly.  Chlorosis  or  ysllowlng  of  the  oora 
plant,  usually  oalled  white  bud,  appears  within  a  week  or  tm 
after  the  seedlings  aMrgs  frcm  the  ground.  This  eondltlon  aajr 
be  aontrolled  and  orerooioe  by  the  addition  of  relatively  saalX 
qnantltlsa  of  sine  sulfste  placed  In  the  rows  before  plantlno 
(3).  Zlne  sprsjrs  (2)  and  zinc  dust  (29)  hsve  been  shown  to  bo 
effective  In  oontrolllng  diseases  of  eltrua  trees. 

Ttw  ezaet  funetlon  of  eaoh  minor  elensnt  In  the  plant  Is 
not  known  slngnlsrly.  The  following  are  sons  of  the  postulsted 
functions  of  xlnet  aetabolle  aotlvltlea,  oatalyels,  ehanoe  pH 
of  soil  through  ehwaloal  rsaotlon,  deteralne  oxidation  states  of 
other  eleoents  present,  liberate  other  eleasnts  lower  In  electron 
■otlve  series,  build  resistance  In  the  plant  to  disease  or  para> 
sites,  snd  stlaolate  aa  effect  ooqpsreble  to  the  effect  of  Tltaain 
en  aaiMls  (49).  Zlao  deficiencies  sre  soooopsnled  by  chlorosis, 
■ad  lacking  contrary  evldenoe,  It  may  be  justifiably  postulated* 
that  zinc  Is  related  to  the  forastlon  of  chlorophyll  (8). 

fbero  are  no  reported  zinc  deficiencies  In  Kansss,  snd  It 
Is  belleTsd  that  there  heve  been  no  murreys  of  any  RCosas  skmb 
crop  to  detersilne  Its  zinc  content*  for  this  reason  It  seeioed 
•dTlssble  to  oaks  such  a  sorvey.  Alfslfs  was  ehosea  as  the  crop 
on  which  to  ostw  this  survey  becsose  of  the  IncreaslnBly  Isport- 
snt  role  It  Is  plsylng  In  the  developmnt  of  the  state,  with 
Incressed  dehydrstlon  of  the  crop,  dehydrated  elfalfa  has  bacoflM 


«B  iaportaat  oooroe  of  protcla  aod  Tlteffllns  and  la  usad  aa  faad 
for  llveatook  and  poultry*  Sisea  tba  boroa,  sodluaii  Iron,  oop* 
pay,  auganaae,  potaaalttOL,  phoaphorus,  and  oalolua  oontant  of 
Ksnaaa  gvoMn  alfalfa  la  alraady  knawn,  it  ma  fait  that  a  aiunraj 
of  tba  sine  eontant  of  tba  aaoM  aaatplas  woald  rapraaant  a  valu- 
abla  oddltlon  to  the  data  alraady  availabla*  Tba  aao^laa  asad  for 
ttia  slno  aorray  vara  ttw  aaaa  aa  thoaa  oaad  for  tba  boron  aorrey 
prarloualy  oade  by  Solth,  sohrooJc,  and  King  (37)* 

SQRVBT  0?  THS  tmCRATURB  ] 

Tba  analyala  for  sine  in  tha  ninuta  (;uantltloa  in  nhioh  it    \ 
oootira  In  plant  fflaterial  la  at  bast  a  vary  diffloult  ona*  Any    ] 
analyala  to  be  aatiafootory  aiut  ba  aaoaitiva  to  vary  amll  aaoonta 
of  slno,  an!  in  addition  oust  ba  sanaitiva  to  aoall  oonoantratioa 
otwnaaa.  Qararal  oatboda  of  analyala  bava  baan  propoaad,  but 
tboaa  gainins  tba  noat  favor  ara  oolorlmtrio  and  apaetrograpblo. 

Rlbbard  (17)  deTlaed  a  oioro  aathod  for  tha  daterfflination 
of  Bino  uaine  hydrogan  aulfida  in  a  aolution  of  aarafully  oon- 
trolled  pB.  Thla  oatbod  waa  aubjoot  to  Intarferansa  by  other 
alaaanta  praoipitatad  by  the  hydrogen  aulfida*  Tanaelow  and 
laovaaea  (43)  daaorlbod  a  speetrographla  prooadora  using  tiis  sine 
Una  at  3343*0  Aaatatraaa,  with  a  praliolnary  eonoantration  of 
the  slno  by  hydrogen  aulfida*  Cadalua,  which  was  uaed  aa  an 
Internal  standard,  waa  praoipitatad  with  tha  sln««  Basoareh  has 
shosn  that  praliolnary  oonoentration  of  tha  slno  la  naoassary 
If  the  line  at  3345*0  Angatroas  la  to  ba  usad*  3oott  and  Mitohall 


m 


(35)  dasoribed  a  alollar  speotrographlo  teotmiqiM^  but  oMtf 
8»l)ydrozyqalnollna  (ozliaa)  as  a  aaaaa  or  ooaoaatvating  the  sino* 

Begara  (31)  reooaeiondM  tha  oaa  of  tha  olno  line  at  2138*5 
AasMtrooB  whloh  doaa  not  raqulva  a  prallalnary  oliefflloal  oonoen- 
trotlon*  Spaolelly  aaosltlEad  plataa  £ire  naoasaary  it  tM,8  Una 
ia  to  ba  oaed*  Rogara  and  Qall  (32),  oaqpazad  tbe  usa  ot   tba 
2138*5  Aasatron  line  vltboat  aoaoantzotlon,  and  wltb  oiMaleal 
oflthoda  of  oonoantration  followed  bj  speetrosraphlo  analysis 
oslng  tha  3345*0  .'\nsatron  line*  Thay  gare  an  unfavorable  report 
on  tha  latter  prooedure,  Thsy  also  reported  that  tha  2138*5 
AagatroB  lias  la  30  to  50  tloss  as  ssnsltlTo  as  the  3345*0  Ana- 
atros  11ns*  O*0onner  (28)  haa  reported  on  a  aodlfled  prooedure 
slallar  to  that  of  Rogers,  idiloh  he  has  applied  aaooeasfully  to 
ffllxad  fertlllzerBt 

Xnoreaslag  eoaalderatlon  has  been  si^na  to  adsorptloaMtrle 
dsterolnatlon  of  slno^  the  aost  promising  results  bslns  obtslosd, 
froa  the  use  of  dlphenylthloearbaions  (dlthlsoofl)  as  a  oolor  de> 
TBlepliig  sgsnt*  Saadell  (34)  has  eoployad  a  oolorlMtrle  dl- 
thtsons  SMthod  based  on  the  work  of  risoher  and  Leopoldl  (11) 
for  the  determination  of  zlne  In  soils*  The  dlthlsone  ^ves  s 
rsd  to  purple  oolor  ittsa  sdded  to  e  aolution  of  zlnC|  although 
eopper,  lead  and  oebalt  present  In  the  aolution  will  Interfere. 
The  eolor  developed  haa  an  absorption  aazlnua  at  525  n^*  It 
is  possible  throosh  eontrol  of  pH  to  separata  out  the  interfere 
ing  elefflanta  aa  oopper,  lead  and  oobalt  (18)*  Coaling  and  Ulller 
(9)  heve  auggested  a  "mlzad  oolor"  rsaotlon  whleb  involves  ths 
use  cf  eodloa  diethyldlthlofiarbaasts  (sarbaaata)  In  addition  to 


dithisoixe  to  aot  aa  an  Iniiibitoi  to  tiM  Mtala  pravlously  aaa." 
tionad*  Ttdn  fflodiftoatloa,  bommx,  has  tUe  dtaadvaatage  tbat 
the  oarbaiaate  liaita  tho  ooaglMUt  •ztzaotion  of  tlie  slao*  VbiM 
objeotloa  oay  bo  orerooM  bjr  oaref ul  oontrol  ot  pH,  toIosm  of 
oaybaoata  addad,  and  toIum  of  tha  aquaoiu  phaaa*  Tbi»  fflathod 
hM  k««a  adopted  aa  a  taatatlva  aathod  ot  analyaia  for  slno  by 
tfa»  AMOOletlon  of  Cffloial  Agrloultttzal  Cheolata  (9)* 

Head  and  Cuooiosa  (30)  turn  daaovtbad  a  polavograpble  da* 
tanlnatlon  of  zlno  In  tho  pxaaanoa  of  all  tha  oooatltaianta 
ordinarily  present  In  plant  aah  exoept  those  reiaored  from  the 
•sh  extraet  et  e  pH  battreen  four  and  fire*  Merrlt  (25)  has  eae> 
seated  the  oae  of  8-hydroxyqulnollnate  aa  a  reasant  to  derelop 
fluorasoenoe  with  snail  {quantities  of  xlno*  Bensoln  has  also 
been  Sttegested  by  ymite  end  Neuetadt  (44)  as  a  qualitative 
flnoreseent  veeguit  fox  zlno* 

:;ark  In  this  laboratory  has  shown  the  hydrogen  sulfide  oon- 
oentratlon  of  »1ao  suggested  by  TaaselOH  and  Lauranae  (43)  to  be 
loeottslstent  and  tedious*  Slooe  Roeers  and  Oell  (32)  hate  found 
this  oathod  onfaTo^eble  too.  It  seeoed  advisable  to  Inveetlgatc 
the  oonoentratlon  prooedura  of  soott  and  Ultebell  (35)*  nils  la» 
vestieetlon  hes  led  to  a  aodlf loatlon  of  the  speetrographlo 
teohnlqoe  of  Seott  and  Mltohell  (35)  uhleh  slvaa  reaulta  with 
good  aeouraey«  preelaion,  and  VBlues  whloh  eoi^are  favorably  with 
tboae  obtained  with  tha  dlthizone  oolorlnietrlo  technique* 


tsncmaariAi  moasoxm 

Desorlptioa  of  Apparatus 

tht  •pMtroera]^  oaad  iA  thla  raaaareh  «aa  a  Baosob  and 
loob  lavga  Uttrow  inatzoaaali  with  IntaxobangaabXa  niuuitn  aii4 
glaaa  optioa.  Ttta  qoarta  eptles  nara  usafl  fox  this  vasaaMli* 
fhia  lastroMat  bas  a  vava  Xangtb  vansa  of  2100  to  8000  AagstxoA 
unit*  ana  a  Unear  dlaparaloa  of  1*5  Angatron  ualta  per  allll» 
attar  at  a  vara  lenetb  of  2150  Aagstfoa  oaita  aatt  alz  Angstroa 
mlts  par  •illliaatar  at  a  mts  laagth  of  3390  Aogstran  oolts* 
Tha  (ittarti  prlaa  Is  of  ttaa  Uttrov  type,  57  ffllllliutaro  talgh 
liltb  a  rafleotim  ooetlng  of  avaporatad  aluminoa*  Tba  oooblna* 
tioa  oolllaatlag  and  foouaing  lans  has  a  foeal  lanath  of  1827 
■illlaatars  and  la  provided  with  two  stops  fox  radaslag  spar- 
tore* 

The  illuminating  system  eonsisted  of  the  alaetrode  holders^ 
a  sptaarleal  aoodansiag  lans,  and  a  rotary  aeotor  diak,  Una 
densities  were  obtained  by  oeana  of  an  Allied  Reaaaroh  Labora- 
tories«Oietert  denaitoiaeter* 

Tte  s««plas  ware  ezoited  with  a  dlreot  ourrent  generator 
oapable  of  produoios  a  potential  of  150  volta,  the  ourrent  de* 
peadias  on  the  reslatanoe  of  the  oirooit*  A  ballast  reaiatoc 
was  plaeed  in  series  with  the  generator  to  stabilise  the  our- 
rent* 


Trollalnavy  %'ork 


Tlw  zlao   apMtruB  has  two  lines  nblob  are  oonsldevsd  espeoial- 
ly  suitable  fox  quantitative  analysis*  Thsy  are  looated  at 
2133*6  Aasstroas  and  3345*0  An^trooa*  The  first  of  tbase  tvo 
lines  is  auffioiently  sensitlTs  to  permit  analyais  of  the  plant 
asb  vithout  obsfflloal  trestisflat*  Tba  aeoond  is,  hOdarer,  less 
sansitiTo  and  tbe  Bias  oooosrine  in  plant  aaterial  oust  be  oon- 
osntxatad  by  soffls  obaoioal  oaans  previous  to  spaotrographio 
analysis*  Table  1  sboirs  a  list  of  tba  possibls  inter  ferine  Unas 
and  tbair  wave  lenetba  (6)* 


Table  1*  Bossible  interfering  lines  tbat  eppear  in  tbe  region 
of  tbs  sine  lines  located  at  213S.6  end  3345*0 
Aagitxoos* 


Una        i 
;     AnpstyoM  1 

aalativs  line 
intensity 

ziae 

2138.56 

800R 

Oopper 

2138.5 

25 

Zna 

2138.589 

a 

ziao 

3345.0 

800 

CbrooittB 

3345.2 

15 

uoxybdenum 

33U.7 

10 

Cerium 

33U.8 

50 

Rogers  (31)  ud  o'Ooooor  (28)  iiave  atumn  that  the  oopper 
end  Iron  lines  do  not  Interfere  If  they  ere  present  In  oonoen- 
tretlono  not  exoeedlnc  one  and  three  peroent  respeotlvely* 
Although  ohromlum,  aolybdemu,  end  oerloa  ere  listed  as  harlne 
possible  Interfering  lines  In  the  region  of  the  zlno  line  et 
3345.0  Angstroos,  no  dlffloulty  la  e:q?erlenoed  for  two  reesonsi 
first,  the  Interfering  eleoante  are  not  present  In  sufficient 
(loantlty  to  give  Tlslble  speotrel  lines  In  this  region;  and 
seoond,  the  dispersion  of  the  Instruoent  In  this  region  Is  sof- 
flolent  thet  they  would  be  resolved* 

Cellbratlon  CoTTe  for  Position  Five 


Since  the  speetrot  length  of  the  large  Llttrow  speotro« 
greph  le  eboat  80  oentlostere,  It  Is  possible  to  photograph 
only  e  limited  portion  of  It  at  a  tine.  There  ere  10  differ- 
ent positions  of  the  plete  end  prism  necessary  to  photograph 
the  entire  spectrum  length*  Position  10  «ss  selected  to  photo- 
graph the  slno  line  at  2138.6  Angstroos  and  position  five  for 
the  slno  line  at  3345*0  Angatrosis* 

Because  the  Instraasnt  nay  not  be  In  the  seas  edJustoMnt 
as  when  It  left  the  factory,  and  the  focus  and  tilt  prescribed 
by  the  oanofaoturer  may  not  be  the  best  for  the  region  of  the 
speetrun  In  which  the  sine  line  occurs,  It  wee  thought  adTls- 
eble  to  check  the  recofflawnded  Tolues  of  focus  and  tilt*  This 
wee  dona  by  photographing  a  serlee  of  Iron  spectre  with  th  < 
tilt  set  et  the  recooraended  value  and  varying  the  focus 


10 


■  t9m  dlvlaioas  oa  caeh  olds  of  the  olven  Taltts*  KMatnutioa 
of  tba  plate  aftar  davelopoant  atiowad  tba  foous  to  ba  baat 
at  108*5  for  poaltion  flva*  MaUns  a  siollar  plata  aattlag 
tha  toaoa  at  108.$  and  varying  the  tilt,  tba  tilt  was  found 
to  be  bast  at  241*  These  aettlnga  weye  aaad  for  all  anal/MS 
la  poaltion  five.  Similar  plataa  ware  laade  In  position  10  end 
the  beat  fooua  and  tilt  were  foand  to  be  218  and  136,  respeet^ 

Ively* 

Beoeose  the  dlaperalon  of  a  prlam  la  not  linear,  It  naa 
neeeaaary  to  prepare  e  calibration  ourva  for  eaoh  position* 
To  do  thla  a  mllllaater  aoale  was  printed  aeroaa  the  top  of 
the  plate  and  directly  below  thla  an  Iron  apeetroa*  After 
developiMnt  of  the  plate,  the  wave  lanisths  of  eeveral  Iron 
llnea  ware  determined  by  coaparlson  with  a  atandard  Iron  apee- 
truffl  provided  with  the  Instrument  by  the  fflanufaoturer*  After 
location  at  a  few  wave  lenstha  In  this  iaanner,  others  were  d«» 
terislnad  oslne  the  iron  apeotrm  oherts  oofltpUed  by  Brode  (6)* 
The  weve  lengths  thoa  determined  were  plotted  egalnat  the  aeale 
readings  to  obteia  the  dispersion  ourve,  Fig*  1* 


Selection  of  Internal  Standard 

Qerlaoh  and  scfaweltser  (14)  were  the  first  to  report  the 
uee  of  an  Internal  atandard  to  e<mpaasate  for  variations  Utah' 
ly  to  occur  In  the  arc  during  the  excitation  of  the  eaopl** 
The  internal  atandard  nay  ba  one  of  the  following  two  typeas 
a  weak  line  of  a  major  oonatltuent  of  the  ee^plei  of  a  aaall, 
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FIG.I.      DISPEBSION      CURVE. 
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onTarylag  utouot  of  an  •IWMUt  ddded  to  MOh  Moplet  Fv«pwa«> 
tlon  of  a  savles  of  stanflard  aaaplaa  with  varylog  aaoaate  of 
Ktao  and  a  oonatant  aiaooat  of  a  xafaranoa  alaoant,  followed 
by  obaamtion  of  the  Intenalty  ratio  between  the  xaferenoe 
eleaent  and  the  Kino  llnaB^  proridea  the  beaia  of  a  working 
eurvat 

The  internal  atandard  oathod  aaaumoa  that  Tariatlona  in 
ezoitation  oondltiana  will  affeet  the  unlcnown  and  refexenoe 
elaaent  in  the  saM  aanner.  Alao,  the  differenoe  in  denaitiea 
of  the  two  linea  ia  aaaoMd  to  be  proportional  to  the  lose- 
rltha  of  the  ratio  of  the  intenaitiea  of  theae  linea  in  the 
aottroe.  The  latter  ia  true  only  for  the  atraisht  line  portion 
of  the  eheraoteriatie  eurvo  of  the  photographlo  eiuilaion  in 
(lueation. 

Zn  oakine  a  aeries  of  axpoaurea  for  the  aaaM  aaople  the 
line  denaitiea  Tary  widely,  niia  ia  eapeoially  true  of  an 
eleaent  auoh  aa  eino  whioh  ia  highly  Tolatile*  The  principal 
reaaon  for  thia  Ilea  in  the  fact  thet  it  ia  lApoaaible  to 
oontrol  the  oaoy  variations  in  the  arc  whioh  will  tend  to 
change  the  rate  of  vaporisation  of  the  sample*  The  probabili« 
ty  of  ezoitlng  the  vaporized  atom  will  then  change  with  tiae* 
Zn  order  to  aooount  for  theae  variations  the  internal  staadsrd 
should  have  the  following  oheraotoristloai 

1»  The  internal  atandard  ahpuld  have  an  exoitation  volt» 
sge  atDilar  to  that  of  the  analysis  elaaant* 

2*  The  internal  atandard  and  analysis  eleaent  shonld  hsvw 
nearly  the  aajoa  rate  of  vaporisation;  their  boiling  points 
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sUoiild  be  siiollax* 

3*  Ttw  lataznal  staaAard  line  should  be  in  tbs  smw  spao* 
tral  ragioa  as  the  llae  of  the  alaeieat  sought* 

4*  Tba  Internal  standard  should  ba  present  In  suoh  a  eon- 
oentratlott  that  Its  line  density  is  approzioateljr  the  aean 
value  of  the  density  of  the  element  sought  in  this  oonoentration 
ranas. 

5*  The  internal  standard  should  ba  hoaoeeneously  oixsd 
with  the  saople* 

niere  have  been  a  nuober  of  lines  saseested  for  use  es 
an  internal  atandard  for  the  detersiination  of  zinc*  Hess, 
Owens,  and  Rainhordt  (16)  in  their  analysis  of  organio  mater- 
ials, used  oolybdanuB  and  bisouth.  Rogers  (31)  suggested  the 
use  of  tellurium  an  an  internel  standard  in  the  analysis  of 
plant  ash*  0*Connpr  (28)  in  the  aaalysis  of  oixad  fertilizers 
suggested  the  use  of  beryllium  as  internal  standard*  Tanselow 
and  Leuranoe  (43)  in  the  analyais  of  plant  ash  used  oadoian 
as  an  internal  standard*  Cadmium  was  ebosan  for  use  as  th« 
Internal  standard  in  this  analysis  of  alfalfa  for  zino* 

It  was  desirable  to  seleot  an  internal  standard  eleiaent 
whioh  oould  be  used  with  both  the  sine  line  at  2138<6  Angstroas 
end  at  3345*0  Aagstroas,  and  still  possess  as  many  of  the  pre- 
▼lonslr  mentioned  obaraoteriotias  as  possible*  Zn  praotioe, 
no  element  fulfills  all  of  than,  however,  in  this  oase,  oadoium 
meets  the  majority  of  the  requireoMnts  for  both  lines.  Both 
eadmium  and  sine  have  similar  axoitation  voltages,  being  8*96 
aad  9*36  volta,  reepeotively*  The  two  elements  have  nearly 
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tiM  SUM  boiling  points,  oadaiun  767°  C.  and  zlno  907°  C. 
aaOmiaK  baa  apaetxal  linsa  naaz  the  2138.6  and  3345*0  Anestvoa 
zino  linaa,  located  at  21U*4  end  3261.X  Angatzoa  units*  lb* 
zafflaining  tno  reqairaoants  aro  eaaily  aet  in  tha  eotabliatuasnt 
ot  a;m)eriwntal  eondit.\ons»  In  tha  oase  of  analyaiB  using  tha 
zino  Una  at  2138.6  Ansstroos,  tha  internal  standard  is  addod 
in  litiuld  fora  to  each  ash  sajaplei  and  nhan  tha  Una  at  3345*0 
Aagstroas  is  used,  thoroughly  aiizad  liquid  aamplaa  ara  amplo]rad« 


SHWTBOOSAPHIC  ANALYSIS  0?  ALFALFA 
V3JSQ  THE  zmO  LIKS  AT  2138.6  ANOSTBOMB 


Fraparatlon  of  the  standards 


Since  extraneous  elaaants  are  Icnown  to  affeot  relatira 
Una  intensities  (20),  the  standards  should  have  as  nesrly  ss 
possible  the  saae  oonposition  as  tha  samples*  nhen  using  tha 
zinc  Una  at  2138.6  Angstroms  it  is  possible  to  use  the  plsnt 
ash  directly,  and  it  was  found  naoessary  to  prepare  a  synthstie 
ash  laizture  similar  in  oompoaition  to  the  plant  ash,  but  oouk 
pletely  free  of  zinc.  This  synthetic  ash  mixture,  or  baas 
powder,  ia  ooopoaed  of  5.0  g  of  potasaium  dihydrogen  phosphate, 
16.7  g  of  potassiua  oarbonate,  19.6  g  of  oaloiom  carbonate, 
and  3.28  g  of  oagnasioB  oxide.  Thass  ehamieals  wars  ooobined, 
thoroughly  mixed,  and  placed  in  a  muffle  at  450  to  475°  C. 
oTornight  to  oonrert  all  ooopounds  to  the  oxides,  tba  result- 
ing dry  powday  wea  similar  in  eooposition  to  the  plant  aah. 
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A  aolutloa  of  0.33  p8Z0«nt  CdCl2*2i  1^0  In  byaroohloxlo 
aold  (III)  van  as«4  bs  th«  internal  stanlaid.  The  standasd 
sine  soltttlon  oontalnsd  OM  mi  of  sine  per  oilliliter*  A 
aarlea  of  ataadarda  vara  oade  by  addlna  varyine  amounta  of 
tiM   standard  zlno  aolutloa  with  water,  and  a  oonatsnt  aoount 
of  tbe  internal  atandard,  as  sboan  in  Table  2* 


Table  2,    Dilutlona  uaad  for  oaklne  a  MStaa  of  speetrographia 
atandarda  for  oae  vitb  the  zino  line  at  2133*6  A. 


i 

standard  i 
nuober  i 

Int.  Std, 
aolution 

ml 

1 

: 
t 

Zine  aoln* 

ol 

• 
• 

t 

1 

Wator 

iOl 

t  Amt.  zinc 
ton  alaotrode 

>    PPm 

0,2 

4.8 

2 

0.$ 

4.5 

5 

1.0 

4.0 

10 

2.0 

3.0 

20 

3.0 

2.0 

30 

In  order  to  fora  the  working  oarva  anown  in  Tis.  2,   an 
appropriate  aoount  of  the  baae  powder  was  weishad  on  to  each 
electrode  and  0.1  ol  of  the  apeotrograpMo  atandard  wea  added. 
The  eldotrodes  were  then  dried  in  an  air  oven  at  100°  0.  for 
sararal  taoora.  All  oheaioela  used  in  tJMse  analyses  wars  oheokatf 
speotrograpbioally  to  show  tbat  aino  was  not  present  es  an  io* 
purity. 
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FIGl2.    working    curve     FOR       ZINC      2138    LINE. 
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Petennliiatloa  of  E3(po8ur« 

In  wortdng  nith  mixod  tortlllzars,  o«Coiiaor  (28)  used  a 
logarithoio  aeotor  nhloh  yaduoed  sxposoro  by  75  poroent  toA 
fottBd  a  two  and  one  half  oinute  exposure  to  bo  aatlofaotoxy. 
It  was  naoaasary  to  rorify  this  axpoaure  under  the  aodlflad 
eoodltlona  which  ware  anployad*  nua  was  aooompUahad  by 
oaklas  a  aoriae  plata  apeetrua  of  tha  standard  oontaloine  tiM 
hiebaat  ooaoaatratlon  of  zinc.  Zxamiaatlon  of  the  plate  ahowad 
the  aaopla  to  ba  aatlafaotorlly  volatlUaad  at  the  aod  of  two  . 
olnutoo. 

Zt  was  found  that  this  axpoaure  time  produced  ezoasalva 
baokgroood  on  the  photocrephic  plate*  To  correct  this  con- 
dition, the  rotatlnc  sector  waa  used*  This  panaltted  tha 
apeetrua  of  the  aaapla  to  be  taken  during  the  oaopleta  azelta- 
tlon  period,  boweYsr,  it  reduced  the  total  ezpoaura  by  an  amount 
proportional  to  the  aactor  opening.  The  intanaity  of  tha  sine 
line  was  deoreaaed  appreciably  when  tha  aactor  waa  more  than 
1/S  cloaad.  If  the  nunbar  of  interruptiona  for  each  ixposore 
azoaada  50,  Broda  (6)  has  reported  that  the  intermittency  ef> 
feet  la  negligible.  In  the  analyass  reported  here  the  noabav 
of  intorruptlona  greatly  azeaeds  the  iolalauai,  50* 

Preparetlon  of  Electrodes 


Speotrographic  graphite  electrodea  purchased  froa  the 


r 
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National  Carbon  Ooatpany  mw   osad  in  these  analjrsaa*  Ttmj 
weze  prepared  for  ase  by  outtins  the  $/l6  Inoh  carbons  Into 
7/S  Inoh  length!.  The  aaode  «aa  prepared  by  drilling  a  well 
in  one  and  of  the  eleotrode,  nine  to  ten  mm  in  depth  with 
«■!!•  oa»    to  one  end  one  half  mm  thiotc*  The  cathode  me 
shaped  with  e  sharp  point  similar  to  a  pencil* 

The  anode  naa  prepared  for  the  saopl*  by  filling  the  veil 
nith  a  solution  of  carbon  tetrachloride  saturated  with  carnauba 
«az«  Pollo«lnG  thle  the  electrodes  were  dried  in  en  air  oven 
fw  1$  oinutes  at  a  teaparature  of  100°  C* 

Speotrographio  Frocedure 


TM  g  of  dry  plant  oaterial  were  aahod  in  a  porcelain 
crucible  at  a  tempereture  of  450  to  475®  C«  The  percent  eeh 
vas  noted  and  >0  ag  saisples  of  the  esh  iraighed  into  each  eleo- 
trode well.  rollOHlng  this,  0.1  ml  of  internal  standard  so- 
lution, containing  a  concentration  of  cadiaiua  equlTalent  to 
that  in  the  speotrograpbic  standards,  was  placed  on  the  ssaples 
and  the  electrodes  were  dried  in  an  air  oven. 

Sastaan  type  103-0  ultraviolet  sensitiTe  plates  wars 
selected  as  the  nost  sensitiTe  plates  sTailable.  The  aafflples 
ware  arced  with  a  d.o.  potential  of  ISO  volts  and  a  current 
of  12.5  aopares  for  a  period  of  two  minutes  with  the  sector 
7/8  open.  The  slit  width  was  set  at  50  mx(  •  A  series  of 
standards  were  run  on  each  plats. 

After  exposure  the  plates  were  washed  for  one  isinute  in 
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•thjrleoe  ohlortde  and  allomd  to  dry  bafors  further  devalop" 
■•at*  rollOHlne  thla  the  plataa  were  devalopad  for  thrM 
alnutaa  at  a  taoperatore  of  68°  C.  la  Saotman  0-19  daraXopw, 
then  fixed  and  dried.  The  Una  intensities  ware  datarainad 
with  the  aid  of  an  A*R.L*-Dtatart  daaattonetax.  A  ill^t 
iMOkgxoand  oorraotion  naa  neoesaary*  The  results  were  report- 
ad  as  parta  per  nillion  on  the  basis  of  the  dry  plant  oaterial* 

Sinoe  it  ia  more  oonrenient  to  work  with  solutions,  ex- 
pavioanta  ware  oonduoted  to  dataroine  the  poaaibility  of  dis- 
■olTine  a  known  weicht  of  ash  in  a  hydroohlorio  aeid  solution* 
An  effort  was  made  to  dissolve  both  60  and  120  og  of  plant  ash 
in  one  milliliter  of  hydroohlorio  aoid  and  an  aliquot  of  the 
reaulting  solution  was  to  be  used  for  enalyaia*  There  waa  a 
large  raaidoa  of  insoluble  material  and  the  sine  linea  obtained 
were  too  waak  to  be  used  for  analysis  and  others  wera  oomplete- 
ly  absent]  therefore,  these  e^erimants  wera  abandoned* 


Pyaeiaion  of  Analyais  TJSine 
tba  Zine  Line  at  2138*6  Angatvoow 


In  order  to  aaleot  the  better  of  two  methods  of  analyais, 
it  ia  easential  to  determine  the  preoiaion  and  aoouraoy  of 
aaoh*  The  preoiaion  of  thia  method  waa  determined  by  aeTeral 
aaalyaea  on  the  aama  sample*  Avaragea  ware  obteinad  and  the 
deTiationa  and  probable  errora  were  oeloulated*  Table  3  pv*> 
sents  data  whioh  Indioata  the  preoiaion  of  the  mathod  in  tha 
aaalyaea  of  a  aampi*  ot  ooocMrcially  dehydrated  alfalfa*  The 
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Tabl6  3>  Analyses  of  oaoBwrolally  dehydrated  altaUa  to 
show  preoislon  of  the  speotrogrsphlo  osthod  tts- 
inc  the  Une  at  2133.6  '^°. 


• 

Cd  i 

• 

<WCd   » 

ppn 

_i_ 

I 

D   I 

02 

0.135 

O.IU 

0.82 

15.4 

22.1 

488.4 

0.085 

0.146 

1.72 

49.3 

11.8 

139.2 

0.098 

0.180 

1.84 

61.0 

23.5 

552.2 

0.161 

0.174 

1.18 

24.0 

13.5 

182.2 

O.UO 

0.199 

1.81 

50.5 

13*0 

169.0 

0.166 

0.227 

1.22 

24.5 

13.0 

169.0 

Total 

224.7 

1690.0 

Averase 

baodard  deriatlon  ■ 

s 

37.5 

r.  •  8' 

XI)2 
n-1 

«  18.4 

Staodard  error  ■ 

:  Sx    « 

^ 

« 

ia.4 

ZT24 

«  8.a 

Probable  error  ■ 

'     ^x'   ^ 

•  (8.21) (0.7) 

s   5.74 

Peroent 

standard 

error  • 

m 

• 

22  percent 

Percent  probable 

error  ■ 

m 

■ 

15.3  peroent 
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probable  error  vaa  oaleulated  to  be  1$*3  peroant.  This  aanpla 
oontained  35  parts  per  lailllaa  of  zlno  «ben  analyzed  by  the 
dlthlaone  oolorloetrlo  toobnlque  (9)  and  37*5  when  analysed 
apeotrographloally* 


SFSCTROOKAPHZC  AHALT3IS  07  ALrAi;PA 
V3im  THE  ZING  USB   AT  3345*0  AR03TROUB 


Selootion  of  the  Speetrographio  Buffer 


Fhotoeleetrio  deoaltoowtry  has  greatly  Inoreased  the  pre* 
oialoa  of  aeeaureinant  of  speotral  line  intenaltiea  baoaoae  aoall 
Tsrlationa  In  theee  Intensities  eaa  be  deteoted*  Several  faot« 
ore  oontribttte  to  these  variations  whieh  affoot  analytical  data* 
Aooag  these  is  the  effect  of  extraneous  eleoents  in  the  are* 
This  condition  ia  due  at  least  in  part  to  the  transport  msohan- 
isa  of  ions  aoross  the  arc.  Traneport  phenooena  in  arc  sources 
asy  be  the  result  of  an  aquillbriun  between  thernal  diffusion 
of  Miterial  from  the  region  of  the  electrode  and  a  aisratioa 
of  ioas  of  the  seople  due  to  eleotrioel  forces*  Langstrotb  and 
ItoRae  (20)  have  inTeatigatsd  traneport  phenomena  and  reached 
the  foUowine  eoncluaionst 

1*  tinea  of  diffarsat  eleaanta  have,  in  general,  different 
intensity  diatributiona  along  their  lani^ths. 

2*  The  relative  distributions  depend  on  ionisation  poteo- 
tials  and  M«ee«  of  the  eleoents,  and  on  the  ionization  poteo* 
tials  of  other  etoos  pvesent  in  the  discharge* 
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y»  WlMA  MolIy  loolMd  atoos  are  praaaot  in  tiie  disohaYge, 
the  distribution  of  an  alaasnt  ralatira  to  that  of  a  aax%  aasi* 
I7  ionlsad  altaeat  of  oooiparabla  mass  falla  off  oora  aharpXjr 
tonard  the  onloadad  elaatroda  than  it  doaa  wtian  aaaily  ionisad 
atoflia  ara  absent. 

The  porposa  of  th«  speotrographio  buffer  is  to  minimixa 
varietiooa  in  the  transport  loaohaniaa  fsoa  speotrua  to  speotrua. 
Ba^oiaitss  of  an  aeoaptabla  buffer  ara  that  it  doea  not  aait 
a  oostplieated  speotrum  of  its  sun,  and  that  it  haa  a  Ion  ioa> 
isatlon  potential. 

nttas,  Oweas,  and  neinhordt  (16)  have  reported  on  a  auobar 
of  different  buffers  for  use  in  the  enalTais  of  organio  fflater* 
ialB  for  traoe  ioparittee.  Thejr  investiQatsd  the  possibilities 
of  lithium  tartrate,  potassicm  teoolde  nith  litbiua  tertzata, 
potasaiuffl  nitrate  with  aoaoaiun  nitrate,  and  aodiuia  nitrate. 
Ther  found  eodina  nitrate  the  most  aatisfaotory  for  atabilia* 
iag  the  aro  oonditioos  for  the  analysis  of  seversl  metals.  In 
tba  analyais  of  boron  3iaith  (36)  has  reported  favorably  on  the 
ose  of  lithiuffl  ehloride  es  a  buffer. 

Slnoe  the  oajority  of  speetrographio  work  in  this  labor- 
atmy  is  done  uaing  ehloride  aalts,  the  use  of  lithium  chloride 
as  a  buffer  was  InTeatigated.  Further  work  led  to  the  seleetioa 
of  lithium  chloride  aa  a  buffer  because  it  seeaed  to  possess 
seraral  of  the  desired  oharaoteriaties. 

A  typical  calibration  curTC  is  shown  in  7ig.  3.  The 
slight  curve  at  the  lower  concentration  occurs  beoauae  the 
lonaat  point  falls  on  the  toe  of  the  plate  eheraoteriatic  curve; 
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PER      EXPOSURE. 
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FIG 3.     WORKING      CURVE  FOR    ZINC      3345    LINE. 
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tiM  vMMloAer  is  on  tbo  atvalght  line  portloa  ot  this  ourve* 
Tbs  buffer  tox   the  data  reported  in  this  paper  ma  pre« 
pared  by  oakine  a  five  peroant  solution  ot  reaaont  grade 
llthiuet  ehloride  asing  hjrdroohlorlo  aoid  (111)  aa  the  solvent* 
This  solution  was  diluted  with  an  aqoal  voluiaa  of  standard  sine 
solotion  end  neter  to  sire  a  final  buffer  ooneentratlon  of  t«o 
aad  OM  half  peroant* 


nreparation  of  standards 


In  the  preparetion  of  standards  the  buffer  solution  vies 
aade  op  es  prerioasly  deaoribed,  bat  oontainin^  in  eddition 
0*09  peresnt  CdCl2*2|  B2O  es  an  internal  standard*  The  sioo 
standard  ia  the  saas  as  used  prerioosly;  it  contains  one  as 
of  eino  per  ol*  A  series  of  standards  was  aade  by  addlog  vary^ 
ing  aoounts  of  the  standard  sine  solution  rith  water  to  e 
eonstsnt  eioauat  of  buffer  end  Internal  standard,  aa  shoim  ia 
Table  4* 

Zn  order  that  the  standards  iioald  have  approxioately  the 
seas  eonposition  aa  the  aaople  of  plant  ash  after  oonoentra- 
tion,  0*1434  g  of  U830|^.7  Ujp  and  1.76$  g  of  M  SO;|^.n^SOj^.6£l20 
vera  added  to  eaoh  100  al  of  internal  standard* 
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Table  /».    Ollutlona  uBod  foe  ocielag  a  aerlea  of  sp«otrosraslk>, 
10  staadarda  for  uaa  with  ttw  line  line  at  3345*0  A. 


1  1  1 

t  Buf  far  and  t                      i 

Staitfard  i  Int.  3td.  i  Zlna  aola.  i 

aoiibav  t  ol  i   al t 


t  Aot*  zlno 
watar  spar  azpoauza 
al    i    pvm 


1 
3 
J 
4 
9 
6 
7 


5 
5 
9 
5 
9 
5 
5 


0.25 

0.9 

0,79 

1.0 

1.5 

2,0 

3.0 


4.75 

4.5 

4.29 

4,0 

3.5 

3.0 

2.0 


5 
ID 
X9 
20 
30 
40 
60 


setenalnatlon  of  flaqpoatira 


Xn  order  tbat  tba  oorreot  eaoaDt  of  sine  be  obaasvad  In 
%h»  aaatplo  or  ataadard,  It  la  oaoaaaary  that  tha  aaapla  (hi 
Mai^lataly  tapwlsad.  Tha  rate  of  raporlutlon  will  dapand 
on  tha  aatarlal  on  tha  alaotxodaa  and  tha  taoperatura  of  tha 
aro. 

B]r  aaklng  a  aorlng  plata  apaatrttm  of  a  aaapl*  of  tha 
apaotrographlo  atandard  oontalnlng  tha  hlghaat  aoount  of  zlno, 
It  MB  fottod  that  all  of  the  zlno  «aa  TOlatlllzad  In  approzl- 
aitaly  20  aaoooda.  In  order  to  aoooant  for  ▼arlatlona  In  tha 
are  tha  aaapXaa  mvt*  aaalted  for  30  seoonda. 
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Slaoe  thl0  zlao  lln«  falls  rary  near  the  raglon  of  the 
oyaaoges  bands,  It  is  diffloult  to  raduoe  plate  baotcgroond 
without  seriously  affeotlng  line  Intensities.  It  Is,  howeTeyi 
possible,  by  use  of  the  rotating  seotox,  to  reduoe  baok^ound 
to  soeh  B  Talus  thot  no  oorreotion  is  required*  The  seetor 
ms  set  at  i/ld  open  end  rotated  at  ■  speed  greatly  eneeding 
50  interruptions  per  exposure  for  elX  svposures* 

Freparotion  of  Slsotrodes 


Ordinary  graphite  speotroeraphio  carbons  without  purifi- 
eetion  or  pre-eroing  were  found  satisfactory  for  this  deterta- 
inetion.  These  carbons  were  porohased  from  the  National  Carbon 
Cofluwny,  end  were  prepared  for  use  by  outting  the  i/Xd  inch 
carbons  into  7/8  inch  lengths*  The  anodes  wwre  shaped  to  have 
8  cone-like  crater  ebout  one  and  one  half  laai  in  depth.  Ths 
cathode  was  shaped  similar  to  the  round  nose  of  a  bullet* 
Soith  (36)  has  shown  that  electrodes  shsped  in  this  manner 
gSTS  good  precision  and  the  are  had  less  tendency  to  wander* 

Before  pleeing  solution  on  the  electrodes,  the  crater  of 
the  anode  was  filled  with  an  exoeas  of  solution  of  carbon 
tetrachloride  saturated  with  earnaube  wax*  'Riey  were  then 
dried  in  an  air  oven  for  approximately  15  minutes*  After  cool- 
tag,  the  electrodes  wsre  ready  to  receive  the  sample  solutions* 
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Conoentratlon  of  the  Zlno  by  Ueans  of  S-HJraroxyqttlnollna 


As  lias  bsen  previously  stated,  tbo  zino  present  In  plant 
mtevlal  lauat  be  oheoloally  oonoentrated  for  apeotrographlo 
Boalrsls  usloe  the  line  loeeted  at  J3k5»0  Angstroos*  Fleek 
and  Wexd  (12)  have  shown  that  S^hydroxyqolnollne  will  qaantl- 
tatitrely  preoipltate  sine  froa  solution  betusen  a  pH  of  4*58 
sad  13*4*  Bars  (9)  has  shosn  it  possible  to  auantitativsly 
separate  zino  froai  othes  ostals,  snoh  as  magnasiom,  oopper, 
end  oadolUBit  but  fox  ooncentxation  puzpoaes  thia  sepazatioa 
prooeduxe  is  not  neoeaaary.  Soott  and  mtohell  (35)  have  rs» 
ported  a  eonoentration  procedure  applleable  to  plant  oaterial 
using  thia  reagent*  Thair  teohniaae,  «ith  alight  aodifioatlon, 
was  applied  to  the  alfalfa  aaapl«B  preTiooa  to  apeotrographio 
analysis* 

7our  graiu  of  dry  plant  oaterial  ware  ashed  is  s  poreelain 
oruoible  at  a  temperatore  of  450  to  475°  0,  "Hie  percent  ash 
was  noted,  and  the  aah  quantitatlToly  transferred  to  s  small 
evaporating  dish.  The  ash  ms  aoistsnad  with  a  snail  amount 
of  distilled  water  and  15  adlliUter?  of  hydroohlorio  eoid 
(111)  were  added.  The  solutions  were  plaeed  on  a  uniforoly 
heated  hot  plate  and  allowed  to  evaporate  to  half  voluma*  By 
thia  tijae  all  aoid  soluble  zino  had  been  extracted  and  the  so- 
lution was  filtered  through  a  Whatiaas  No*  41  filter  paper,  sad 
the  residue  thoroughly  wasbsd  with  boiling  water*  The  result- 
ing solution  was  diluted  to  150  al  with  distillsd  water*  Bib« 
bard  (17)  and  others  have  reported  that  the  insoluble  ash 
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oontalns  zlno.  The  residue  fron  aeYvxal  euunples  «aa  examlasd 
speetvograpiiteally  and  no  sine  could  be  detected t  If  any  were 
present  the  oonoentratlon  was  belon  the  senaltlvity  of  the 
mthod*  In  a  isajoarlty  of  the  saopXea  tha  Inaolable  raaidoe  was 

■Mil. 

Ten  ml  of  five  percent  8-taydroxyqulnollne  In  aoetle  acid 
(2  R)  ware  added,  followed  by  anmonla  (111)  until  tha  solution 
bMSM  an  «aeral4  evaen*  This  color  le  due  to  the  formation 
of  a  oooplex  of  the  reegent  with  Iron  preaent*  At  thla  point 
tha  pB  should  ranee  between  1*8  and  1«9*  Fifty  ml  of  aoraooiaa 
acetate  (2  H)  were  than  added,  resulting  in  a  pR  ranging  from 
5*1  to  $.2»  The  aolution  waa  stirred  Tlgoroualy  and  set  aside 
orernisht,  then  filtered  through  a  vouitaan  No.  41  filter  paper 
ai^  washed  with  cold  water.  After  drying,  the  precipitate  was 
■shed  with  the  paper  in  a  porcelain  crucible  at  450°  C.  in  an 
aleetrio  aoffle. 


Spsotrographlo  Frooedura 


Tba  ash  obtained  from  tha  S^hydroxyqtuinoline  ooncentra> 
tion  was  transferred  to  ■  uwll  glass  rial  and  diasolved  in 
a  MtntiBura  of  bydrocloric  add  (1:1).  The  solution  was  than 
evaporated  to  drynaas  and  taton  up  in  two  ml  of  buffer  Qoltt> 
tlon  conteinlog  the  internal  standard.  Tha  solution  was  thor- 
oughly mixed,  and,  with  a  serolosleal  pipat,  a  0.10  ml  aliquot 
of  the  unlcnown  or  atandard  solution  was  placed  on  each  of  tbs 
two  prepared  electrodea.  The  electrodes  with  the  solutions 


were  pXaocd  in  an  air  oven  at  lOO"  C.  for  aeveral  hours, 
preforably  oTornlgbt.  A  duplieate  aet  of  eleotrodea  nas  need- 
ed tieoaaae  of  the  double  e^oauxe  usodt  A  aeries  of  standards 
vas  yun  on  eaoh  plate* 

The  samples  ware  axoad  uaing  a  d.o*  potential  of  120  rolts 
and  a  ourxent  of  eight  aoperea  for  a  period  of  30  seeonda  with 
the  sector  5/16  open.  The  slit  ma  aot  at  U5  m/<  • 

After  expoBure  the  platea  were  developed  four  and  one  half 
olnutes  at  68°  C,  la  Bastaan  X>rey  developer  diluted  two  to 
one.  They  were  then  fixed,  dried,  end  the  line  intenaities 
determined  with  the  use  of  an  A.R,L*«>Dietert  densitometer . 
Xastmsn  33  platea  were  used  throughout  the  procedure. 

The  reaults  were  expressed  In  perts  per  million  of  zino, 
on  the  dry  weight  besie. 


Freoision  of  Analyaia  Itoing  the  Zino 
Line  at  3345.0  Angstrous 


The  preeiaion  of  analyiils  using  this  line  was  determined 
for  two  saa^les  differing  widely  in  oonoentretion.  Table  5 
presents  data  aaed  to  ealoulate  the  preoiaion  of  analyaia  of 
a  sample  from  Borton  ooatalniag  23.9  ppm  of  zino.  The  prob- 
able error  was  found  to  be  2.42  percent,  whioh  is  lower  than 
the  probable  error  in  the  analysis  of  s  sample  from  Burllogtoa 
containlog  52.1  ppm*  Table  6  pvesents  the  data  obtained  from 
the  Burlington  sample  in  whioh  the  probable  error  was  3*36 
percent. 

Since  the  precision  of  this  method  is  oonsidersblir  better 
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Table  5. 

Analyses  of  altalta  from  Horton  to  show  praoislon 
of  Bpeotro'^aphio  astbod  usinc  the  line  at  3345.0  A". 

ca 

1   Cd/za 

1   Fpm 

i   D   t 

D^ 

9.0 

73.8 

.122 

19.5 

4.4 

19.36 

9*5 

76.0 

.125 

20.5 

3.4 

11.56 

10.0 

69.3 

.U5 

27.0 

3.1 

9.61 

•*t 

59.8 

.147 

27.5 

3.6 

12.96 

9*5 

71.0 

.134 

25.0 

1.1 

1.21 

9») 

66,8 

.139 

25.5 

1.6 

2.56 

9,8 

70.3 

.139 

25.5 

1.6 

2.56 

10,8 

75.0 

.U3 

26.2 

2.3 

5.29 

• 

U«S 

75.0 

.156 

28.3 

4.4 

19.36 

10.3 

82.5 

.124 

20.5 

3.4 

11.56 

■ 

9.8 

75.3 

.129 

22.2 

1.7 

2.89 

9.0 

72.5 

.124 

20.5 

3.4 

U.56 

8.0 

64.0 

.125 

20.5 

3.4 

11.56 

10,0 

70,3 

.U2 

26.0 

2.1 

4,U 

Total 

334.7 

126.45 

ATeraco 

S  ■  standard  deTlstloo  • 

23.9 

•  9,73  -  3.12 

120,i!t5  < 

stBoaard 

error  • 

Jn 

■w 

•  3.12 
3T74 

•   .832 

Fvobabla 

error  ■ 

Vif- 

m     (.332) (0.7)  • 

.582 

Fvxoaat 

standard 

error  • 

m  ■ 

3.46  peroent 

PwroBot 

probable 

error  • 

m  • 

2.42  percent 

1^ 
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Table  6. 

1 

Analjraeo  of  alfalfa  from  Burlington  to  show  pre* 
olalon  of  opeotrographlo  inethod  using  the  line  at 
3345.0  a: 

Za 

: 
1 

Cd/zn      1 

ppa 

t               t 

t        D        t 

d2 

u*o 

51.6 

.216 

46,3 

5.8 

33.64 

10.3 

43.5 

.230 

51.3 

0.8 

0.64 

12,2 

49.3 

.250 

57.5 

5.4 

29.16 

U.2 

45.5 

.246 

57.0 

4.9 

24.01 

12.4 

46,5 

.267 

61,3 

9.2 

84.64 

U,5 

55.5 

.210 

45.0 

7.1 

50.a 

10,0 

46.5 

.215 

46.0 

6.1 

37.21 

Total 

364.4 

259.71 

- 

ATlVai^ 

Staaflaxd 

1 
deviation 

t 

52.1 

6,56 

* 

Jd2 

n=r 

-     ^ 

¥^        ' 

Standard 

error 

»    s,,    .    _ 

3          ■ 

6.5,6    . 

2.5 

>Rr 

J7 

Probable 

error 

-  vJf 

a 

(2.51(0.7)   : 

:  1.75 

Paroent  atandard 

error    «    2.35 

■ 

4.8  percent 

• 

Paroeat  probable 

error    •    1.75 

■ 

3.36  percent 
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than  that   obtalnhd  using  lb,*   213(3*6  AngBtroa  line  without 
ooaoentrstion,  it  was  decided  to  use  the  preliioiaary  otia»» 
ioal  oonoantration  of  tbe  sine  folloned  by  anelysia  using  ttia 
line  located  at  3349*0  AagatrooB* 


OOHPABXSa}  07  SFBOTROffiUimC  ANALT9XS  OSINO 
TBB  3345*0  AI«JSTHCIS  LOB  AND  DITHIZOHB  CHEMICAL  MWHOD 


Before  apaotrogrephio  piooeduxe  can  be  aooepted  nith  any 
dflgjree  of  confidenoa,  it  auat  undergo  ■  faTOVable  oonperiaoa 
with  a  well-lcao«n  obaoioal  prooedtire*  The  mttiod  used  for 
•o^parison  was  identical  to  ttie  widely  used  dithizone  oolori* 
aetrio  procedure  of  Cowling  and  Killer  (9)*  A  two  and  one 
balf  e  saople  of  dry  plant  material  was  ashed  and  the  sine  ex- 
traoted  in  the  ssom  ■saner  aa  for  the  3-hydroxyciulnoline  con- 
centration* The  filtrate  from  the  hydroohlorio  acid  extraction 
was  collected  In  a  100  ml  Tolimetrio  flaak,  one  drop  of  osthyl 
rsd  added  and  netttralised  with  noraaX  aauwniuai  hydroxide* 
Tour  ml  of  noroal  hydroohlsxlo  acid  were  added  and  the  ooii> 
fesnts  mads  to  volume*  A  20  ml  aliquot  of  the  ssspla  was 
plpetsd  into  a  12$  ml  ssparatory  funnel.  The  sine  and  other 
elaasats,  suoh  as  copper,  lead,  and  cobslt  form  s  oooplex  with 
dithizone  in  carbon  tetrachloride  and  are  extracted  at  pH  8.5 
to  9*0*  The  sine  was  separated  from  the  copper  end  excess 
reagent  by  extraction  into  0*02  n  hydrochloric  acid*  The 
pQ  was  adjusted  to  between  8*5  and  9*0  by  means  of  aa  ammonls- 
aaaoaioi  eitrate  buffer  and  the  zinc  acsin  extracted  with 
dithisone  in  the  presence  of  carbamate  to  prevent  interference 
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by  other  elements.  A  five  ml  elliiuot  of  the  extzaot  ms 
placed  la  a  photoelaotrlo  oolorlaiater  tube  (an  Sreljm  Hioto* 
'4leetxlo  ColorLmter  nenufaotuxad  by  the  Rubloan  Znststimant 
OoBU^eoy  of  Philadelphia]  and  diluted  with  20  ml  of  pure  oarbaa 
tetrachloride  and  thoroughly  mixed.  The  percent  tranamiaaioa 
naa  deterninod  uslns  a  520  m.jn   filter,  and  the  oonoentration 
of  sine  vaa  determined  by  eoqpariaon  with  the  curve  shown  la 
n&*  4. 

A  eeriea  of  nine  alfalfa  samples  were  analysed  by  this 
method  and  compared  with  speotrosrephic  enalyaia  using  the 
sine  line  at  3345.0  Ansstroaa.  The  reaulta  are  tabulated  in 
Table  7.  Zzaraination  of  the  data  shows  a  msxinia  deviation 
of  21.2  peroent,  the  aTcrage  deviation  baine  5*5  ppm*  The 
speotrographio  analysis  results  sTerags  approximately  13.6 
percent  below  the  colorimetrio  procedure. 

fOaOLTS   07  THE  AhfMSA   SDRTKT 


The  safflplcs  used  for  the  survey  were  obtained  from  sev^ 
eral  localities  within  the  state.  These  areaa  were  choaen 
in  such  a  manner  as  to  represent  several  of  the  different 
soil  types  found  in  Kaaaas*  Ml  saoplaa  were  secured  at 
approximotely  the  same  stage  of  growth,  that  of  about  one* 
tenth  bloom,  niis  method  of  sampling  would  tend  to  eliminate 
differences  due  to  variations  in  sine  content  caused  by 
eollectiflg  samples  of  different  physiological  stages  of 
growth*  fields  were  sampled  by  obteining  ssaU.  saounts  of 
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Table  7*    Convpari'on  of  spaotrogrephlo  and  ditblEona  aetfa- 
ods  of  analyrls  of  alfalfa  fov  sloo  ualng  the 
Una  at  3345.0  a'. 


Sanple  : 

Dlthlsone 

ppm 

1  Spaotrographle  i 
:      ppo     1 

t  OoTletloa 

1 

t  Fsreeot 
:  deviation 

Noxton 

33.3 

26.3 

-7.0 

-21.2 

Lurnad 

35*1 

28.8 

-6.3 

-17.9 

Hlawatba 

35.2 

28.8 

-6.4 

-18.3 

Klugmn 

35,4 

28.7 

-6.7 

-18.9 

Head* 

38.7 

34.0 

-4.7 

-12.3 

Uanhettan 

39.2 

36.8 

-2.4 

-  6,1 

Wakefield 

U.7 

38.3 

-2.4 

-  6,0 

Burllnston 

62.0 

52.5 

-10.5 

-16,9 

Oolotnbus 

68.0 

65.0 

-3.0 

-4.5 

AvaMga 

-5.5 

-13.6 

H 


alfalfa  froa  Mvaral  pladct  wlthla  the  flold  and  tben  divid* 
Ing  the  aampla  in  tba  oaual  aoanar* 

A  swlas  Of  aaoiplas  of  alfalfa  being  grown  on  fertilizer 
plota  in  two  different  plaoea  in  the  atate  were  elao  obtained. 
Tbeae  were  seourad  from  plota  near  Thayer  and  Coluaboa  in 
order  to  ahon  the  effeota  of  different  soil  treatsMnto  on  the 
aino  content  of  the  plant  aatarlal* 

An  outline  oap  of  Kansas  is  shown  in  PiQ*  5*  inoluding 
the  locations  from  whioh  samples  wars  saoored*  Tha  genaral 
alassifioation  of  the  aoila  in  these  areas,  as  well  as  in  the 
entire  atate,  oan  be  readily  obtained  by  reference  to  a  aap 
of  Kteisas  prepared  by  the  Soil  ConserTation  Service  (13)* 

The  data  in  Table  8  ra^esent  aTsrsga  aoalysia  of  alfalfa 
grown  on  untreated  plota  in  tlia  locationa  given*  Four  of 
the  saoplea  in  the  eastern  region  of  the  state  show  tha  high- 
••%  «la«  oontent  exhibited  in  tha  survey.  Tha  ssfflplas  in 
the' cast  central  area  show  slightly  lower  sine  oontent,  avaraflk 
log  approziaataly  35  ppo.  In  general,  the  zinc  content  de> 
oraasad  aoross  the  state,  being  higher  in  the  east  and  lower 
in  the  wast.  It  ia  of  interest  to  note  that  the  four  aztraas 
aastarn  ssiaplas  which  show  tha  highest  zinc  content  have  th« 
lowest  ash  oontent.  The  ash  content,  which  is  indicative 
of  the  total  aineral  oontent,  is  lower  in  tha  aaatarn  regions. 
This  trend  oay  be  partially  ezpaotad,  however,  on  the  basis 
of  rainfall  data  and  tha  length  of  tiaa  tha  land  has  baaa 
faraed.  Zinc  haa  been  ahowo  by  Stol»s  snd  Comings  (40)  to 
be  held  in  tha  aoil  largely  in  a  non-water  aoluble  fora.  The 
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aT«rag«  ralofall  In  the  ColurabuB  area  baa  aravagad  41*8 
Inahaa  aoauallyi  aooordiog  to  reoorda  of  the  waathax  buraatti 
while  near  Sallna  the  avaraae  has  bean  27*3  Inches.  Thle  da- 
eraaaaa  oorrespondingly  further  nest. 

The  data  praaented  In  Table  9  Indicate  the  effect  of 
different  fertilizer  treatments  on  the  quantity  of  zinc  found 
in  plant  material.  The  plots  on  which  the  fertilizer  treat- 
oanta  were  carried  out  are  located  conparetWely  oloaa  to« 
gether  In  the  south  eastern  corner  of  the  state.  The  untreat* 
•d  Maple  from  Thayer  waa  one  of  the  axoaptlons  to  the  eom> 
paratively  high  zinc  content  of  the  aaoplea  In  this  reclon* 

The  data  In  Table  9  Indicated  that  application  of  fer» 
tlllzer  to  saaplaa  grown  at  Colombus  In  nearly  every  case 
caused  a  daoraaaa  In  the  ash  content.  The  zinc  content  also 
was  dacxeaaad  In  all  except  two  caaes.  Application  of  lima, 
oanure,  and  superphosphate  In  one  of  the  two  caaes  resulted 
in  a  slight  Increase  of  zinc.  Each  of  the  fertilizara  applied 
alone,  howcTex,  caused  a  decrease  in  zinc*  Lima  and  super- 
phoaphata  applied  together  in  one  case  out  of  four  caused  aa 
increaaai  the  refflalndsr  ahowing  lower  zinc  content. 

Results  of  an  opposite  nature  were  obtained  froa  appll- 
oatlon  of  the  seaa  fertilizers  to  plots  at  Thayer.  In  all 
except  one  case  the  ash  content  Inoreaasd,  and  only  two 
■aopXas  showed  a  decrease  in  zinc.  Sither  llae  or  manure  ap- 
plied seperately  oausad  larse  increases  in  zinc,  while  tha 
two  together  show  a  comparatively  aoall  Increase*  Llae  la 
conjunction  with  manure  end  rook  phosphate  showed  an  increasa 
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of  approxliaately  10  ppm  zlno*  IXm  and  double  applloationa 
of  20  pQxoent  super phoaphate  applied  blonaially  also  alio* 
a  ooneidezDblo  Inoxeaso  in  sine* 

Lett  (21)  haa  ahown  the  availability  of  zinc  in  aoila 
dapaadant  on  pU«  At  a  j^  baloii  6  sine  aaaioa  more  readily 
avallabla  and  above  pH  6  unob  lercer  oonoentretiona  of  zinc 
do  not  ahoM  tozlo  affaota.  A  partial  explanation  of  tba  re» 
aulta  Bbonn  in  Table  9  ioay  lie  in  different  aoil  typea  with 
reapeot  to  pH  and  total  sine  available  to  the  plant*  It  ia 
alao  poaaible  that  various  fertllizera  oauae  fixation  of 
Bine  in  auob  a  aanner  that  it  is  no  longer  available  to  the 
plant* 

In  order  to  show  the  effect  of  the  staQC  of  oroitth  on 
the  zlno  content  of  alfalfa,  saoplea  were  taicen  at  Manhattan 
every  seven  days  froa  the  time  the  alfalfa  first  aboved  spri.rg 
growth  until  the  tioe  of  euttlng.  The  data  obtained,  nhieta 
are  presented  in  Table  10,  Indicated  that  apparently  the  zinc 
content  deoreeaea  alishtly  during  growth*  As  the  plant,  iM» 
turea  the  totel  minerel  content  abows  an  irregular  inoreaaef 
although  the  zinc  doca  not  aeem  to  decrease  in  the  aaine  ratio* 
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Table  10*  Zlno  oontent*  of  Manhattan  (prown  alfalfa  at 
seven  day  Intervals  op  to  tloa  of  outting. 


Tlas  i 
days  1 

Helcht   i 
Inobes   i 

[    Ash    : 
1   percent   > 

;".lno 
ppa 

7 

5 

9.73 

47.5 

U 

10 

10.69 

26.3 

21 

U 

10.52 

41.0 

as 

17 

10.86 

38.0 

95 

31 

10.15 

38.7 

ki 

2k 

9.38 

34.3 

*  All  aaalyMs  reported  on  dry  welsht  basis. 
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COHOLOBICNS 

A  apeotroctephlo  prooedoro  of  good  preeision  tor  the  aa* 
tMoliutioa  of  zlno  in  plant  aah  has  baen  davalopad*  The 
prooadure  oada  use  of  S-hydrozyqulnollne  to  conoantrate  the 
zlno  and  llthiun  ohlorlda  aa  a  buffer  to  auppreaa  Yerlstlona 
due  to  diffezenoea  In  ootaposltion  nnd  to  stabilize  the  d«o« 
are.  Cadmium  ma  uaad  aa  the  Internal  atandnrd* 

The  preolslsn  of  this  method  showed  a  probable  error  of 
laaa  than  three  peroent  while  the  enalyaia  of  alfalfa  using 
the  zlno  line  at  21>S.6  Aneatrona  showad  a  probable  error  of 
greater  than  13  percent.  The  ape otr aura phlo  method  ualna  the 
zinc  line  at  3345*0  Anaatroos  gave  Talues  which  eoapared 
satlafaotorily  with  the  dithlzone  oolorimetrio  procedure,  the 
araraga  deTlatlon  belns  13*6  percent  below  the  ohamlcally  dn- 
terolned  Talae* 

Thla  method  was  applied  suocassfully  to  alfalfa  plant 
oatarlal,  and  a  survey  of  the  zinc  content  of  alfalfa  taken 
from  asTerel  ereaa  In  Kanaas  was  conducted.  The  data  do  not 
■how  any  area  azooptlonally  low  in  sine  and  since  the  zinc  re- 
quirement of  elfalfa  haa  not  been  estnbllBhed  no  conolusiona 
resarding  a  poaalble  zinc  deficiency  in  Kanaaa  grown  alfalfa 
could  be  drawn.  Since  the  effect  of  fertilization  varied  with 
the  two  experimental  plots,  there  waa  apparently  no  corrola- 
tlon  between  the  zlno  uptake  of  the  plant  end  the  type  of 
fertilizer.  Lime,  manure,  end  superptiosphato  separately  and 
in  combination  appear  to  eaoae  increaood  uptake  of  zinc  in 
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83316  oaaes*  Analyses  of  alfalfa  at  rarious  stages  of  natur- 
ity  showsd  a  sradoal  deollne  In  tbe  zlno  as  oorrelatod  with 
an  Irregular  Inorease  of  total  alneral  oontent. 
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AOnOMIXDOUSHTS 


Ibe  mltex  wishes  to  thaok  Or.  '.;.  G,  Boturenk  for  Ms  aid 
In  the  aeleotlon  of  this  probleo,  hla  llb«r«l  donation  of  tlae 
and  his  helitfol  sugeoatlons  and  superTlalon  duxinr,  this  In* 
Testlgation*    nianks  aro  also  due  to  thu  Dapartasnt  Of  Aseoucmtf 
of  Kansas  Stato  Collsgs  and  to  C*  0,  CSraodfleld  and  Hiirold 
Haokerott  of  the  Unltad  Statas  Z>«>irtn«nt  of  Agrloulturo  for 
oolleotlns  tba  aaaploa  that  ware  used* 
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